Introduction
============

Bangladesh is an agrarian country and livestock is an integrated part of agriculture. The country has a suitable environment for milking cattle rearing. The annual milk production is 9.406 million tons in 2017--18, which covers the 1.60% of the national gross domestic product (GDP) \[[@ref1]\]. Milk is considered as one of the most consumed foods for human as it contains sufficient amount of several essential nutrients such as protein, saturated fat, calcium, magnesium, vitamins, and essential amino acids \[[@ref2],[@ref3]\].

Like other developing countries, antibiotics are extensively used as growth promoters in livestock sector to control diseases, facilitated feed conversion ratio, and for treatment purposes in Bangladesh. As a result, antibiotic resistant bacteria are emerging, which causes serious health hazards \[[@ref4]\]. Previous studies also reported that veterinary antibiotics are used vastly in livestock to control disease, enhance growth, promote health, and feed conversion efficiency \[[@ref5]\], as well as to reduce animal susceptibility to stress-related diseases or to enhance growth \[[@ref6]\]. For these purposes, several antibiotics are extensively used in food animals, including tetracycline, sulfonamides, fluoroquinolones, macrolides, lincosamides, aminoglycosides, beta-lactams, cephalosporin, and so on. Widespread use of antibiotics close to the slaughter could lead to the presence of residues as non-altered parent form or as metabolite and/or conjugate in edible parts such as muscle (meat), organs, egg, and milk obtained from antibiotics-treated animals \[[@ref7],[@ref8]\]. The presence of these residues is usually attributed to non-observance of withdrawal periods before the sales of edible animal food product, and also due to undesirable practices such as unregulated and indiscriminate use of drugs and lack of awareness on the rational usage of antibiotics \[[@ref9]\]. Antibiotic residues in milk are critical issue due to human health hazard, and therefore are of great concern for dairy farmers, milk processors, consumers, and regulatory agencies. To ensure food safety for consumers, several regulatory authorities around the world including National Agency for Food and Drug Administration and Control, European Food Safety Agency, Food and Drug Administration, and USA Codex Alimentarius, established tolerance (safe) levels of antibiotic residues in milk for consumer protection \[[@ref10]\]. However, various public authorities and researchers still have recognized the presence of antibiotic residues in milk above the Maximum Residual Limit \[[@ref11],[@ref12]\].

After using an antibiotic in the human or animal body, it kills bacteria, and the antibiotic is broken down in the body until it becomes a non-functional agent \[[@ref13]\], and finally, it is eliminated from the body. Withdrawal periods of different antibiotics may vary from 1 or 2 days to couple of weeks. The minimum withdrawal period for Oxytetracycline is 3 days \[[@ref14]\], for amoxicillin is 3 days \[[@ref15]\], and for ciprofloxacin is 6 days \[[@ref16]\]. In addition, previous studies shown that withdrawal period may vary between different antibiotics, and the minimum withdrawal period maintained for the drugs was 7 days after the last dose of administration \[[@ref17]\]. Antibiotics are widely used in veterinary practice, especially for dry cow therapy and mastitis treatment in lactating cows, which may cause the presence of antibiotic residues in milk \[[@ref18]\]. There is a high chance of transmission of antibiotic-resistant organism from animal to human due to indiscriminate use of antibiotics \[[@ref12]\].

Heat-labile antibiotic can be destroyed by cooking, pasteurization, or canning processes; however, antibiotic metabolites and/or conjugates may have remained in milk after boiling \[[@ref8],[@ref19],[@ref20]\]. In this regard, to the best of our knowledge, no study has been carried out on the thermal effects on antibiotic residual status in boiled milk in Bangladesh. Therefore, the present research work was undertaken to determine whether proper maintenance of withdrawal period does minimize the antibiotic residue and whether thermal treatment have any effect on antibiotic residue in milk of commonly used antibiotics (oxytetracycline, amoxicillin, and ciprofloxacin) treated lactating cows brought to Veterinary Teaching Hospital, Mymensingh.

Materials and Methods
=====================

Ethical approval
----------------

The present study and all experimental procedures were approved by the Animal Welfare and Experimentation Ethics Committee, Bangladesh Agricultural University, Mymensingh \[Approval number: AWEEC/BAU/2018(17-1)\].

Study area and duration
-----------------------

The study was conducted to detect antibiotic residues in the milk of antibiotic-treated lactating cows that were brought to Veterinary Teaching Hospital, Bangladesh Agricultural University, Mymensingh. The study was performed during the period from July to December 2018. Samples preparation and laboratory analysis were performed in the Pharmacology Departmental Laboratory, BAU, Mymensingh.

Milk sampling for laboratory analysis
-------------------------------------

The raw fresh milk was collected from 18 lactating cows before antibiotics treatment which were brought to the veterinary hospital and suffered from either mastitis, foot and mouth disease, fever, local wound, or non-specific diarrhea. Milk samples were collected with the prior permission of the owners. Samples were collected directly from teat before antibiotic treatment (Day 0). Out of the 18 lactating cows, six were treated with oxytetracycline, six were treated with amoxicillin, and six were treated with ciprofloxacin parenterally. Milk samples were also collected at 2nd day during antibiotic treatment and final collection was done after maintaining the withdrawal period (Day 9). Therefore, a total of 54 (18 × 3) raw milk samples were collected for the laboratory analysis. The samples were stored at −20^°^C for further analysis. The minimum withdrawal period for oxytetracycline is 3 days \[[@ref14]\], for amoxicillin is 3 days \[[@ref15]\], and for ciprofloxacin is 6 days \[[@ref16]\]. In addition, the minimum withdrawal period maintained for the drugs was 7 days as described by Jayalakshmi et al. \[[@ref17]\]. Therefore, in this study, we maintained more than 7 days as the withdrawal period.

Antibiotic residue positive milk samples, during treatment (*n* = 18), were boiled at 100^°^C for 20 min to evaluate the thermal effects on antibiotic residual status. After boiling, the samples were cooled at room temperature for further analysis.

Sample screening for antibiotic residues
----------------------------------------

Screening of antibiotic residues was carried out using thin-layer chromatography (TLC) at the Department of Pharmacology, Bangladesh Agricultural University, Mymensingh. TLC apparatus includes TLC plate (MN-Germany), TLC tank, and UV detection box (UV light: F18W-Germany). TLC was performed as per the method described by sarker et al. \[[@ref21]\] with some required adjustments. Same *R*~f~ value of standard and sample considered similar compound. All procedures are described previously by Sarker et al. \[[@ref21]\].

Statistical analysis
--------------------

The percentages of *R*~f~ values of raw and boiled milk samples were entered in MS Excel-2010 for data analysis. Then, the data were analyzed using analysis of variance (SPSS Program) to determine the level of significance. The level of significance was set at 0.05.

Results and Discussion
======================

The widespread and indiscriminate use of antibiotics in dairy sector may result in the presence of antibiotic residues in milk. Consumption of milk with such antibiotic residues with higher than maximum residue limit (MRL) levels by humans predisposes them to serious health effects. Commonly used antibiotics in Bangladesh are sulphonamides, penicillin, oxytetracycline, gentamycin, amoxicillin, ciprofloxacin, ceftriaxone, streptomycin, and so on. Among them, the previous studies show that antibiotics which are commonly excreted through milk are oxytetracycline, amoxicillin, and ciprofloxacin \[[@ref22],[@ref23]\]. Therefore, in the present study, we selected oxytetracycline-, amoxicillin-, and ciprofloxacin-treated lactating cows for the present study.

Antibiotics residual status in milk during the experimental period
------------------------------------------------------------------

At day 0 (before antibiotic treatment), no antibiotic residues (oxytetracycline, ciprofloxacin and amoxicillin) were detected in raw milk collected from 18 lactating cows during screening by TLC. In contrast, on day 2 (during antibiotics treatment course), all milk samples were positive for antibiotic residues. These results suggested that oxytetracycline, ciprofloxacin, and amoxicillin residues were present during the antibiotic treatment course in lactating cows ([Fig. 1](#figure1){ref-type="fig"}). On the other hand, after maintaining withdrawal period of specific antibiotics (at day 9), no antibiotic residues (oxytetracycline, ciprofloxacin, and amoxicillin) were detected in raw milk obtained from 18 lactating cows. These data indicated proper maintenance of withdrawal period after antibiotic treatment would minimize the risk of antibiotic residues. In this regard, previous studies also reported that it is very much important to maintain the antibiotic withdrawal period to avoid the residual effect in milk \[[@ref23],[@ref24]\]. The minimum withdrawal period for oxytetracycline is 3 days \[[@ref4]\], for amoxicillin is 3 days \[[@ref15]\], and for ciprofloxacin is six day \[[@ref16]\]. In addition, previous studies have shown that withdrawal period may vary between different antibiotics, and the minimum withdrawal period maintained for the drugs was 7 days after the last dose of administration \[[@ref17]\]. Therefore, the withdrawal period maintained for the present study was 7 days after the last dose of antibiotic administration.

![Antibiotics residues (oxytetracycline, ciprofloxacin and amoxicillin) were not detected in raw milk samples collected at day 0 (before administration of antibiotics), but all milk samples were positive which were collected at day 2 (during antibiotic treatment course). On the other hand, antibiotics residues were not detected at day 9 (after maintaining withdrawal period) in TLC plate under 254 nm UV radiation.](JAVAR-6-516-g001){#figure1}

Antibiotics residual status after heat treatment
------------------------------------------------

Antibiotic residues positive milk samples (collected during antibiotics treatment course) were boiled at 100°C for 20 min to evaluate the thermal effects on the antibiotic residual status. A previous study reported that boiling milk at normal pasteurization temperature (63°C for 30 min) did not eliminate oxytetracycline residue \[[@ref25]\]. Therefore, in our present study, we used long-time boiling (100°C for 20 min) to eliminate the antibiotics residue. After boiling, the samples were cooled at room temperature and were screening for specific antibiotic residues and were found positive for antibiotic residues. These results suggested that heat treatment by boiling does not destroy the residual status in milk ([Fig. 2](#figure2){ref-type="fig"}) or their metabolites and/or conjugates may have remained in milk after boiling. In addition, the intensity of bands for antibiotic on TLC plate of boiled milk samples were more prominent than that of raw milk indicating that antibiotic residues are more concentrated in boiled milk. After boiling, the watery portion of milk is evaporated so that the milk becomes, and thereby the antibiotic residue, becomes concentrated in the boiled milk. These results indicate that antibiotic residues or its metabolites and/or its conjugates are more concentrated in boiled milk compared to raw milk. In agreement with previous study findings, the results of the present study suggest that oxytetracycline, amoxicillin, and ciprofloxacin are not destroyed by heat treatment, which also merged with the published literatures \[[@ref23],[@ref25],[@ref26]\]. On the other hand, in this regard, a previous report showed that heat-labile antibiotic residues can be destroyed by cooking procedures, pasteurization, or canning processes; however, antibiotic metabolites and/or its conjugates may have remained in milk after boiling \[[@ref8],[@ref19],[@ref20]\]. Since milk is usually heated or pasteurized before consumption, a few reports have been published on the effect of heating on the stability of antibiotic residues in milk \[[@ref27]\]. However, earlier studies with drug residues in heated milk were analyzed using microbiological assays. A little or no information is available concerning the stability of various antibiotic residues in milk as affected by heat treatments \[[@ref25]\]. Several studies have already been done on pharmacokinetic and pharmacodynamics of oxytetracycline, amoxicillin, and ciprofloxacin; however, this present study was done to increase the awareness regarding the important of withdrawal period after antibiotic treatment. Furthermore, detailed studies are needed to find out whether antibiotic residues in boiled milk are in active form or it metabolites or its conjugates.

![Antibiotics residues (oxytetracycline, ciprofloxacin and amoxicillin) were not detected in boiled milk samples collected at day 0 (before administration of antibiotics), but all boiled milk samples were positive which were collected at day 2 (during antibiotic treatment course). On the other hand, antibiotics residues were not detected at day 9 (after maintaining withdrawal period) in TLC plate under 254 nm UV radiation.](JAVAR-6-516-g002){#figure2}

Conclusion
==========

Antibiotic residues are present in raw milk during the antibiotic treatment course. Even the heat treatment does not destroy the oxytetracycline, ciprofloxacin, and amoxicillin antibiotic and/or their metabolites residues in milk. In addition, proper maintaining of withdrawal period after antibiotic treatment in lactating cows no antibiotic residue is detected in raw milk samples. Therefore, withdrawal period must be followed after antibiotic treatment and only then milk should be allowed for human consumption. Government authorities should play vital role in controlling the indiscriminate use of antibiotics at field level. Farmers should be trained properly about the uses of antibiotics, antimicrobial resistance, residues, and its effect on human health, so that they can be aware about selling of milk from antibiotic-treated cows for human consumption. Finally, awareness, honesty, and responsibilities of all stakeholders of livestock industry can help produce drug-residue-free milk for our future generation.
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